A pale yellow, Gram-reaction-negative, non-motile, aerobic bacterium, designated MC 3726 T , was isolated from a tundra soil near Ny-Å lesund, Svalbard Archipelago, Norway (78 8N). Growth occurred at 4-37 8C (optimum 25-30 8C) and at pH 5.0-9.0 (optimum pH 8.0 ). An emended description of the genus Luteolibacter is also provided, along with emended descriptions of Luteolibacter cuticulihirudinis, Luteolibacter yonseiensis and Luteolibacter pohnpeiensis. , 2013). The type strains of recognized species in this genus are Gram-negative, non-motile and coccoid-or rodshaped bacteria. Nitrate reduction activity is species-dependent. The major respiratory quinone is MK-9, but some species contain MK-8, MK-7 and MK-10 as major respiratory quinones as well. Predominant cellular fatty acids are C 16:0 and iso-C 14:0 , but some species contain summed feature 3 (C 16:1 v7c and/or C 16:1 v6c) as well. The DNA G+C contents of known strains vary between 55.8 and 57.3 mol %. In this study, an Arctic bacterial isolate was subjected to a polyphasic analysis and identified as a novel member of the genus Luteolibacter.
The genus Luteolibacter, belongs to the family Verrucomicrobiaceae within the phylum Verrucomicrobia and, at the time of writing, comprises five species: Luteolibacter pohnpeiensis, Luteolibacter algae (Yoon et al., 2008) , Luteolibacter luojiensis (Jiang et al., 2012) , Luteolibacter cuticulihirudinis (Glaeser et al., 2012) and Luteolibacter yonseiensis (Park et al., 2013) . The type strains of recognized species in this genus are Gram-negative, non-motile and coccoid-or rodshaped bacteria. Nitrate reduction activity is species-dependent. The major respiratory quinone is MK-9, but some species contain MK-8, MK-7 and MK-10 as major respiratory quinones as well. Predominant cellular fatty acids are C 16:0 and iso-C 14:0 , but some species contain summed feature 3 (C 16:1 v7c and/or C 16:1 v6c) as well. The DNA G+C contents of known strains vary between 55.8 and 57.3 mol %. In this study, an Arctic bacterial isolate was subjected to a polyphasic analysis and identified as a novel member of the genus Luteolibacter.
A bacterial strain, designated MC 3726 T , was isolated from a soil sample, from a high Arctic tundra near the settlement Ny-Å lesund (788 539 N 128 099 E) in the Svalbard Archipelago, Norway. The soil sample was diluted serially with sterile 0.85 % (w/v) NaCl solution, and aliquots of the dilutions were plated onto R2A (BD) agar. Single colonies on these plates were purified by transferring onto new plates and subjecting them to an additional incubation at 37 8C for 7 days. The isolate was routinely cultivated on R2A agar at 30 8C and stored by lyophilization.
Growth was evaluated at 30 8C on several standard bacteriological media: R2A agar (BD), 0.36R2A agar (BD), tryptic soy broth (TSB; BD) agar, 0.16TSB (BD) agar, nutrient agar (NA; BD), 0.16NA (BD), BHI agar, 0.56BHI agar and MacConkey agar (BD). Cell morphology was examined by phase-contrast (BX51; Olympus) and transmission electron (8100; Hitachi) microscopy using cells grown on R2A at 30 8C for 3 days. Gram staining of cells was carried out according to the classical Gram procedure described by Doetsch (1981) . Gliding motility was investigated as described by Bowman (2000) . Growth at different temperatures (4, 10, 18, 20, 25, 28, 30, 37 and 42 8C) was investigated on R2A agar for up to 2 weeks. The pH range for growth was determined in R2A agar at pH 4.0-10.0 (in increments of 1.0 pH unit). Salt tolerance was tested on R2A agar supplemented with 0, 1, 2, 3, 5 and 10 % NaCl (w/v) for 2 weeks at 30 8C. Growth under anaerobic conditions was tested on R2A agar supplemented with 0.1 % KNO 3 in a GasPak (BBL) jar at 30 8C for 30 days. Oxidase activity was evaluated by the oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine (Kovacs, 1956) . Catalase activity was determined by measurement of bubble production after the application of 3 % (v/v) hydrogen peroxide solution. Tests for hydrolysis of DNA [DNase agar (Scharlau)] (Collins & Lyne, 1984) , skimmed milk, chitin, starch, xylan and hydroxyethyl (HE)-cellulose (Ten et al., 2004) were performed and examined after 7 days incubation. Additional physiological and biochemical characteristics were determined by using the API 20NE and API ZYM kits (bioMérieux) and the GN2 MicroPlate (Biolog) according to the manufacturers' instructions. Pigment analysis was performed as described by Kämpfer et al. (2004) : the cell pellets from 3 days-grown cultures (R2A agar) were extracted in 200 ml acetone/methanol mixture (7: 2, v/v) for a few minutes. After centrifugation, the supernatant was transferred into a quartz cuvette followed by recording of absorption spectra between 300 and 900 nm in a UV/Vis spectrophotometer (Power Wave XS; BioTek Instrument).
For 16S rRNA gene sequencing and phylogenetic analysis, genomic DNA was extracted from a fresh culture of strain MC 3726
T following the methods of Sambrook et al. (1989) . For amplification of the 16S rRNA gene, primers 27F (59-GAGTTTGATCCTGGCTCAG-39) and 1540R (59-AGAAAGGAGGTGATCCAGCC-39) were used (Lane, 1991) . PCR and 16S rRNA gene sequencing were carried out as described by Lin et al. (2004) . Sequence similarity was investigated using NCBI BLAST and pairwise alignment was calculated using the EzTaxon database (Kim et al., 2012) . Phylogenetic analysis was performed by using the software package MEGA version 5.0 (Tamura et al., 2011) after multiple alignments of the data via CLUSTAL X (Thompson et al., 1997) . Phylogenetic trees were reconstructed by using the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971) methods. Evolutionary distances for the neighbour-joining algorithm were calculated with Kimura's two-parameter method (Kimura, 1980) and the topology of the neighbourjoining tree was evaluated by bootstrap analysis on the basis of 1000 replications (Felsenstein, 1985) . Close-neighbourinterchange (search level 5 2, random additions 5 100) was applied in the maximum-parsimony analysis. All the species of genera in the family Verrucomicrobiaceae were included in the phylogenetic trees. The root position was estimated by using the sequence of Victivallis vadensis ATCC BAA-548 T (Zoetendal et al., 2003) as an outgroup.
To measure the G+C content of the chromosomal DNA, genomic DNA from the novel strain was extracted and purified as described by Moore & Dowhan (1995) and degraded enzymically into nucleosides. The G+C content was then determined as described by Mesbah et al. (1989) using reversed-phase HPLC (UltiMate 3000; Dionex). Cell biomass for the analysis of respiratory quinones was obtained from cultivation on R2A agar at 30 8C. Respiratory quinones were extracted from lyophilized cells as described by Collins et al. (1977) and were identified by HPLC as described by Xie & Yokota (2003) . The isomer type of diaminopimelic acid in the peptidoglycan was determined by using the method described by Staneck & Roberts (1974) . For cellular fatty acid analysis, strain MC 3726 T and the reference strains were grown on R2A agar at 30 8C, and cells grown at late-exponential phase were used in this study. The methods used for harvesting, saponification, methylation and extraction of cellular fatty acids were according to the protocol of the Sherlock Microbial Identification System (MIDI) version 6.0. Separation and identification of fatty acid methyl esters was performed using a Hewlett Packard 6890N gas chromatograph, with MIDI Sherlock TSBA 6 (version of the database) (Sasser, 1990) . For polar lipid analysis, strain MC 3726 T was grown on R2A agar at 30 8C. The polar lipids were extracted and analysed by twodimensional TLC (silica gel plates, layer thickness 0.2 mm; Merck) according to Tindall (1990) . The composition of the amino acids in the cell-wall peptidoglycan was analysed according to the procedures developed by Hasegawa et al. (1983) and Tang et al. (2009) T (92.20 %). These 16S rRNA gene sequence similarity values were below the 97.0 % threshold recommended for the discrimination of different bacterial species (Stackebrandt & Goebel, 1994) . The 16S rRNA gene sequence similarities to type strains of species of the next closest genus (Haloferula) were #92.1 %. Strain MC 3726
T could represent a novel species of a new genus considering the low similarity to other members of the genus Luteolibacter. However, phylogenetic trees based on nearly full-length 16S rRNA gene sequences showed that genera had usually wide ranges of scope in 16S rRNA gene sequence similarities and that strain MC 3726
T formed a monophyletic cluster with the type strains of species of the genus Luteolibacter within the family Verrucomicrobiaceae, independent of the applied treeing method (Fig. 1 and Fig. S1 , available in the online Supplementary Material). These results suggest that strain MC 3726 T can represent a novel species within the genus Luteolibacter, although it has low 16S rRNA gene sequence similarity (,93.18 %) . Among the genus Luteolibacter, we selected the following three strains with a high sequence similarity to the novel strain: L. cuticulihirudinis E100 T , L. pohnpeiensis A4T-83 T (type species of the genus) and L. yonseiensis EBTL01 T , as the reference strains for direct comparison to our isolate.
Strain MC 3726
T grew well at 30 8C on R2A agar, 0.36R2A agar, but not on TSB agar, 0.16TSB agar, NA, 0.16NA, BHI agar, 0.56BHI agar or MacConkey agar. Cells were strictly aerobic, Gram-reaction-negative, non-motile, short rods (Fig. 2) . After growth on R2A agar at 30 8C for 5 days, colonies were pale yellow, circular, convex, entire, shiny and smooth. Cells of strain MC 3726 T did not have flagella according to transmission electron microscopy examination. Growth of the strain was observed on R2A agar at 4-37 8C (which was a unique feature distinguished from the related species), with an optimum temperature of 25-30 8C, and on R2A agar over a range of pH 5.0-9.0, with an optimum of pH 8.0. The strain showed good growth in absence of NaCl on R2A agar, but no growth occurred in the presence of 1.0 % (w/v) NaCl or higher.
Activities of catalase and oxidase, and hydrolysis of starch were positive, but activities of protease, urease, nitrate reduction and hydrolysis of xylan, skimmed milk and chitin were negative. Phenotypic and chemotaxonomic characteristics that differentiate strain MC 3726
T from its closest neighbours in the genus Luteolibacter are listed in Table 1 . In particular, strain MC 3726 T could be differentiated from the three above-mentioned reference strains based on its enzyme activities of protease and hydrolysis of starch. The pigments extracted from cells of strain MC 3726 T produced absorption peaks at 447-448 nm and 474 nm reflecting the presence of carotenoids (Fig. S2) , which is a unique feature distinguishing from related species within the genus Luteolibacter.
The DNA G+C content of strain MC 3726 T was 60.7 mol %, a value remarkably higher than those reported for other species of the genus Luteolibacter (Table 1) . Strain MC 3726
T contained MK-9 (71.6 %) and MK-10 (28.4 %) as the major respiratory quinones and meso-diaminopimelic acid as the diagnostic diamino acid in the cell-wall peptidoglycan, which indicated the common characteristic of members of the genus Luteolibacter. On the other hand, the main polar lipid pattern of strain MC 3726 T (Fig. S3a ) contained phosphatidylethanolamine (PE), phosphatidylmethylethanolamine (PME), phosphatidylglycerol (PG) and diphosphatidylglycerol (DPG), which was similar with that of the related species (Table 1 , Fig. S3b and c) . The predominant cellular fatty acids of strain MC 3726 T were iso-C 14:0 (38.28 %), C 16:0 (15.89 %), C 16:1 v9c (14.24 %), iso-C 16:0 (10.42 %) and anteiso-C 15:0 (5.75 %). The proportion of iso-C 14:0 and anteiso-C 15:0 was similar to those of recognized species of genus Luteolibacter, but the relatively lower proportion of C 16:0 and higher proportion of C 16:1 v9c and iso-C 16:0 in the cellular fatty acid profile of strain MC 3726 T was a particular feature that distinguished the novel isolate from other species of the genus Luteolibacter ( The main characteristics are as given by Yoon et al. (2008) and Jiang et al. (2012) , with the following modifications. The major cell-wall peptidoglycan is meso-diaminopimelic acid. The DNA G+C content varies between 47.2 and 60.7 mol%.
Emended description of Luteolibacter cuticulihirudinis Glaeser et al. 2012
The description is as given by Glaeser et al. (2012) with the following amendments. The cell-wall peptidoglycan contains meso-diaminopimelic acid. The DNA G+C content is 47.2 mol%.
Emended description of Luteolibacter yonseiensis Park et al. 2013
The description is as given by Park et al. (2013) with the following amendment. The main polar lipids are PE, PG, PME, DPG and an unknown polar lipid (Fig. S3b) . Haloferula rosea 06SJR1-1 T (AB372853)
Haloferula chungangensis CAU 1074 T (JN001489)
Haloferula harenae YM23-227 T (AB372852)
Haloferula phyci AK18-024 T (AB372854)
Haloferula helveola 05IJR53-1 T (AB372855)
Haloferula sargassicola MN1-1037 T (AB372856)
Haloferula luteola YC6886 T (FJ032193)
Luteolibacter arcticus MC 3726T (KP101281)
Luteolibacter cuticulihirudinis E100 T (JQ429496)
Luteolibacter algae A5J-41-2 T (AB331893)
Luteolibacter pohnpeiensis A4T-83 T (AB331895)
Luteolibacter yonseiensis EBTL01 T (JQ319003)
Luteolibacter luojiensis DR4-30 T (JN630810)
Roseibacillus ponti YM27-120 T (AB331889)
Roseibacillus ishigakijimensis MN1-741 T (AB331888)
Roseibacillus persicicus YM26-010 T (AB331890)
Persi cirhabdus sediminis YM20-087 T (AB331886)
Rubritalea halochordaticola MN1-1006 T (AB543683)
Rubritalea squalenifaciens HOact23 T (AB277853)
Rubritalea sabuli YM29-052 T (AB353310)
Rubritalea marina Pol012 T (DQ302104)

Rubritalea tangerine YM27-005 T (AB297806)
Rubritalea spongiae YM21-132 T (AB297805)
Roseimicrobium gellanilyticum DC2a-G7 T (AB552861)
Prosthecobacter fluviatilis HAQ-1 T (AB305640)
Prosthecobacter vanneervenii FC2 T (U60013)
Brevifollis gellanilyticus DC2c-G4 T (AB552872)
Prosthecobacter debontii FC3 T (U60014)
Prosthecobacter algae EBTL04 T (JQ319004)
Prosthecobacter fusiformis FC4 T (U60015)
Puniceicoccus vermicola IMCC1545 T (DQ539046)
Opitutus terrae PB90-1 T (CP001032) The description is as given by Yoon et al. (2008) with the following amendment. The main polar lipids are PE, PG and DPG (Fig. S3c) .
Victivallis vadensis
Description of Luteolibacter arcticus sp. nov.
Luteolibacter arcticus (arc9ti.cus. L. masc. adj. arcticus northern, arctic, referring to the site from where the type strain was isolated).
Cells are strictly aerobic, Gram-reaction-negative, nonmotile, non-flagellated, short rods, 0.83-1.38|0.45-0.76 mm in size. Colonies are 0.5-1.0 mm in diameter, circular, convex, entire, shiny, smooth and pale yellow after growth on R2A agar at 30uC for 5 days. Grows well on R2A agar and 0.3|R2A agar, but not on TSB agar, 0.1|TSB agar, NA, 0.1|NA, BHI agar, 0.5|BHI agar or MacConkey agar. Growth occurs on R2A agar at 4- The type strain MC 3726 T (5CCTCC AB 2014275 T 5LMG 28638 T ) was isolated from a high Arctic tundra near the settlement Ny-Å lesund in the Svalbard Archipelago, Norway. The DNA G+C content of the type strain is 60.7 mol%. 
